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(57) ABSTRACT

A novel polymerizable monomer compound that can be used
for avariety of liquid crystal devices is provided. Particularly,
a novel liquid crystal composition including the novel poly-
merizable monomer compound and exhibiting a blue phase is
provided. Further, a liquid crystal display device manufac-
tured with the use of the liquid crystal composition is pro-
vided. A polymerizable monomer compound represented by
the following general formula (G1) is provided. In the general
formula (G1), n and m are individually an integer from 1 to 20
and may be the same as or different from each other, and R*
and R? individually represent hydrogen or a methyl group.
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POLYMERIZABLE MONOMER COMPOUND,
LIQUID CRYSTAL COMPOSITION, AND
LIQUID CRYSTAL DISPLAY DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention disclosed in this specification relates to a
polymerizable monomer compound, a liquid crystal compo-
sition including the polymerizable monomer compound, a
liquid crystal display device including the polymerizable
monomer compound, and manufacturing methods thereof.

2. Description of the Related Art

In recent years, flat panel displays have been put to practi-
cal use and have been substituted for conventional displays
using cathode-ray tubes. The flat panel displays include liquid
crystal display devices which have liquid crystal elements,
EL display devices which have electro luminescent elements
(EL elements), plasma displays, and the like, and they come
into competition in the market. Liquid crystal display devices
establish a position of superiority by overcoming disadvan-
tages and suppressing production cost with use of a variety of
techniques.

As a constituent of a liquid crystal composition used for a
liquid crystal display device, a polymerizable monomer com-
pound is used. For example, polymer dispersed liquid crystal
(PDLC) or polymer network liquid crystal (PNLC) has a
structure in which liquid crystal grains are dispersed in a

2

merizable monomer compound is polymerized, so that the
temperature range where a blue phase is exhibited is
expanded (for example, see Patent Document 1).

Furthermore, a polymerizable monomer compound is also
used as a material of an optical film which is provided to, for
example, achieve a wide, viewing angle and improvement in
contrast in a display portion of a liquid crystal display device
(for example, see Patent Document 2).

REFERENCE

[Patent Document 1] PCT International Publication no 2005-
090520

[Patent Document 1] Japanese Published Patent Application
no. 2008-50440

SUMMARY OF THE INVENTION

An object is to provide a novel polymerizable monomer
compound that can be used for a variety of liquid crystal
devices.

Another object is to provide a novel liquid crystal compo-
sition including the novel polymerizable monomer com-
pound or a liquid crystal display device manufactured with
the use of the liquid crystal composition.

An embodiment of the present invention is a polymerizable
monomer compound represented by the following general
formula (G1).

(G

polymer layer which forms a polymer network, and a white
image (a bright image) is displayed using scattered light by

In the general formula (G1), n and m are individually an
integer from 1 to 20, and R' and R? individually represent

liquid crystal. A polymerizable monomer compound is used ,5 hydrogen or a methyl group.

as a material of the polymer layer.
Further, in the case where a display mode using liquid
crystal exhibiting a blue phase is employed as a display mode

Another embodiment of the present invention is a polymer-
izable monomer compound represented by the following gen-
eral formula (G2).

(G2)

H:“*@%o@;@o@%
d N\

ofliquid crystal, a polymerizable monomer compound is used
in some cases. It has been reported that a liquid crystal com-
position which includes a polymerizable monomer com-
pound and a liquid crystal material exhibiting a blue phase is
subjected to polymer stabilization treatment by which a poly-

65

In the general formula (G2), n and are individually an
integer from 1 to 20.

Another embodiment of the present invention is a polymer-
izable monomer compound represented by the following gen-
eral formula (G3).
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Note thatin the general formula (G3), n and m are the same
integer from 1 to 20, and R' and R? individually represent
hydrogen or a methyl group.

Another embodiment of the present invention is a polymer-
izable monomer compound represented by the following gen-
eral formula (G4).

In the general formula (G4), n and m are the same integer
from 1 to 20.

Another embodiment of the present invention is a liquid
crystal composition including any one of the polymerizable
monomer compounds given above.

Another embodiment of the present invention is a liquid
crystal composition including any one of the polymerizable
monomer compounds given above, a nematic liquid crystal
compound, and a chiral agent.

The liquid crystal compositions may exhibit a blue phase.

Another embodiment of the present invention is a liquid
crystal display device including any of the above-described
liquid crystal compositions.

A novel polymerizable monomer compound can be pro-
vided. A novel liquid crystal composition including the novel
polymerizable monomer compound can be provided.

A liquid crystal display device manufactured with the use
of the liquid crystal composition can be provided. The liquid
crystal display device can be driven at a low voltage, leading
to a reduction in power consumption of the liquid crystal
display device.

BRIEF DESCRIPTION OF THE DRAWINGS

In the accompanying drawings:

FIGS. 1A and 1B are conceptual diagrams each illustrating
a liquid crystal compound and a liquid crystal composition;

FIGS. 2A and 2B are diagrams illustrating one mode of a
liquid crystal display device;

FIGS. 3A to 3D are diagrams each illustrating one mode of
an electrode structure of a liquid crystal display device;

FIGS. 4A1, 4A2, and 4B are diagrams illustrating liquid
crystal display modules;
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FIGS. 5A to 5F are diagrams each illustrating an electronic
apparatus;

FIGS. 6A to 6C are 'H NMR charts of Dac-PEPEP-F-0O6;

FIG. 7 is a graph showing an absorption spectrum of Dac-
PEPEP-F-O6 in a dichloromethane solution of Dac-PEPEP-
F-06; and

(G4)

A

FIG. 8 is a graph showing a relation between applied volt-
age and transmittance in a liquid crystal element in Example
2.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, embodiments of the present invention will be
described with reference to the drawings. Note that the
present invention is not limited to the description given below,
and modes and details of the present invention can be modi-
fied in various ways without departing from the spirit and
scope of the present invention. Therefore, the present inven-
tion should not be construed as being limited to the descrip-
tion in the following embodiments. In the structures to be
given below, the same portions or portions having similar
functions are denoted by the same reference numerals in
different drawings, and explanation thereof will not be
repeated.

In addition, a liquid crystal display device in this specifi-
cation and the like refers to an image display device, a display
device, or a light source (including a lighting device). Fur-
thermore, the liquid crystal display device also includes the
following modules in its category: a module to which a con-
nector such as a flexible printed circuit (FPC), a tape auto-
mated bonding (TAB) tape, or a tape carrier package (TCP) is
attached; a module having a TAB tape or a TCP at the tip of
which a printed wiring board is provided; and a module in
which an integrated circuit (IC) is directly mounted on a
display element by chip on glass (COG) method. Note that a
liquid crystal display device in this specification and the like
refers to any type of electronic apparatus which utilizes liquid
crystal characteristics; for example, a liquid crystal electro-
optical device without display function is included in its
category.
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Embodiment 1 A polymerizable monomer compound according to an

. . . embodiment of the present invention is a polymerizable
In this embodiment, a novel polymerizable monomer com-

pound according to an embodiment of the present invention
will be described. (GD).

Rr!

monomer compound represented by the general formula

(G

Oty ¢

In the general formula (G1), n and m are individually an
integer from 1 to 20, and may be the same as or different from
each other, and R* and R? individually represent hydrogen or

25 a methyl group.

Another embodiment of the present invention is a polymer-
izable monomer compound represented by the following gen-
eral formula (G2).

VA

45 In the general formula (G2), n and m are individually an
integer from 1 to 20, and may be the same as or different from
each other.

Another embodiment of the present invention is a polymer-
izable monomer compound represented by the following gen-
eral formula (G3).

(G3)

H
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Note that in the general formula (G3), n and to are the smile
integer from 1 to 20, and R' and R? individually represent

hydrogen or a methyl group.

Hy
00— C O
n

\_<

20

F
(0]
/YO\C/O F
Hy (@] (6]
| -
(6]

8

In the general formula (G3), R' and R? are preferably
hydrogen for easier synthesis. Therefore, another embodi-
ment of the present invention is a polymerizable monomer
compound represented by the following general formula
(G4).

(G4

In the general formula (G4), n and mare the same integer
from 1 to 20.

Specific examples of polymerizable monomer compounds
represented by the general formula (G1) include polymeriz-
able monomer compounds represented by the structural for-
mulae (100) to (144). Note that the present invention is not
limited thereto.

(100)
(101)
oA
o

(102)

(103)
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A variety of reactions can be applied to a method of syn-
thesizing the polymerizable monomer compound of this
embodiment. For example, the polymerizable monomer com-
pound can be synthesized by a synthesis reaction in Synthesis
Method 1 or Synthesis Method 2.

<Synthesis Method 1>

In Synthesis Method 1, a synthesis method of a polymer-
izable monomer compound represented by the general for-
mula (G1) will be described with reference to the following
reaction formulae (A-1) and (A-2).

HO@—OH +

(Compou_nd 1)

H:} {e)

(Compound 2)

A1

Esterification

reaction
; ; —_—

Oty

(Compound 3)

+

HO

(Compound 4)

10

25

24

-cFontinued

HO 0
0
0—C 0 R!
n
0 ’; :\
0

(Compound 3)

An esterification reaction of 1,4-benzenediol (Compound
1) and a benzoic acid derivative (Compound 2) is performed,
whereby a hydroxyphenyl derivative (Compound 3) can be
obtained (reaction formula (A-1)). In the reaction Formula
(A-1),n and m are individually an integer from 1 to 20, and R*
and R? individually represent hydrogen or a methyl group.

As the esterification reaction, an esterification reaction in
which dehydration condensation using an acid catalyst is
performed (addition-elimination reaction) is given. In the
case where a dehydration condensation reaction is per-
formed, an acid catalyst such as concentrated sulfuric acid or
para-toluenesulfonic acid, 1-ethyl-3-(3-dimethylaminopro-
pyDcarbodiimide hydrochroride (abbreviation: EDC), dicy-
clohexyl carbodiimide (abbreviation: DCC) can be used. In
the case where EDC or DCC is used, EDC is preferable
because a by-product can be easily removed. The synthesis of
Compound 3 is not limited to such reactions.

(A-2)

¢}

Esterification reaction
—_—

Rr2
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Next, an esterification reaction of hydroxyphenyl deriva-
tive (Compound 3) obtained by the reaction formula (A-1)
and benzoic acid derivative (Compound 4) is performed,
whereby the polymerizable monomer compound represented
by the general formula (G1), which is a target substance, can
be obtained (reaction formula (A-2)). In the reaction formula
(A-2), nand m are individually an integer from 1 to 20, and R*
and R? individually represent hydrogen or a methyl group.

As the esterification reaction, an esterification reaction in
which dehydration condensation using an acid catalyst is
performed (addition-elimination reaction) is given. In the
case where a dehydration condensation reaction is per-
formed, an acid catalyst such as concentrated sulfuric acid or
para-toluenesulfonic acid, 1-ethyl-3-(3-dimethylaminopro-
pyl)carbodiimide hydrochroride (abbreviation: EDC), dicy-
clohexyl carbodiimide (abbreviation: DCC) can be used. In
the case where EDC or DCC is used, EDC is preferable
because a by-product can be easily removed. The synthesis of
the polymerizable monomer compound represented by the
general formula (G1) is not limited to such reactions.
<Synthesis Method 2>

In Synthesis Method 2, a synthesis method of a polymer-
izable monomer compound according to an embodiment of
the present invention in the case where n and m are the same
integer, and R* and R? are the same substituent in the general
formula (G1) will be described.

F
HO
H
HO OH + 2 0—C 1—0Q R!
O
o /\\

(Compound 1) (Compound 2)

An esterification reaction of one equivalent of 1,4-benzene-
diol (Compound 1) and two equivalents of a benzoic acid
derivative (Compound 2) is performed, whereby the polymer-
izable monomer compound represented by the general for-
mula (GS5), which is a target substance, can be obtained (reac-
tion formula (B-1)). In the reaction formula (B-1), n is an
integer from 1 to 20, and R* represents hydrogen or a methyl
group.

As the esterification reaction, an esterification reaction in
which dehydration condensation using an acid catalyst is
performed (addition-elimination reaction) is given. In the
case where a dehydration condensation reaction is per-
formed, an acid catalyst such as concentrated sulfuric acid or
para-toluenesulfonic acid, 1-ethyl-3-(3-dimethylaminopro-
pyl)carbodiimide hydrochroride (abbreviation: EDC), dicy-
clohexyl carbodiimide (abbreviation: DCC) can be used. In
the case where EDC or DCC is used, EDC is preferable
because a by-product can be easily removed. The synthesis of

20
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the polymerizable monomer compound represented by the
general formula (GS5) is not limited to such reactions.

In the above manner, the polymerizable monomer com-
pound according to this embodiment can be synthesized.

The polymerizable monomer compound described in this
embodiment can be used as a constituent of a liquid crystal
composition. Further, a variety of liquid crystal display
devices can be manufactured with the use of a liquid crystal
composition including the polymerizable monomer com-
pound described in this embodiment.

Note that the structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Embodiment 2

In this embodiment, a liquid crystal composition including
the polymerizable monomer compound described in
Embodiment 1, in particular, a liquid crystal composition
including the polymerizable monomer compound described
in Embodiment 1 and exhibiting a blue phase will be
described.

A liquid crystal composition described in this embodiment
includes a nematic liquid crystal compound, the polymeriz-

B-1

Esterification

reaction
—_——

H
Oo—C (@]
n

Rr!

able monomer compound represented by the general formula
(G1) in Embodiment 1, and a chiral agent.

The nematic liquid crystal compound is not particularly
limited, and examples thereof are a biphenyl-based com-
pound a terphenyl-based compound, a phenylcyclohexyl-
based compound, a biphenylcyclohexyl-based compound, a
phenylbicyclohexyl-based compound, a benzoic acid phenyl-
based compound, a cyclohexyl benzoic acid phenyl-based
compound, a phenyl benzoic acid phenyl-based compound, a
bicyclohexyl carboxylic acid phenyl-based compound, an
azomethine-based compound, an azo and azoxy based com-
pound, a stilbene-based compound, a bicyclohexyl-based
compound, a phenylpyrimidine based compound, a biphe-
nylpyrimidine-based compound, a pyrimidine-based com-
pound, and a bipheny] ethyne-based compound.

A liquid crystal composition according to this embodiment
includes the polymerizable monomer compound represented
by the general formula (G1) in Embodiment 1. Note that the
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liquid crystal composition according to this embodiment may
include one or more types of the polymerizable monomer
compounds represented by the general formula (G1).

Note that among the polymerizable monomer compounds
represented by the general formula (G1), use of a polymeriz-
able monomer compound in which n and m are individually
an even number from 2 to 20 (e.g., polymerizable monomer
compound represented by the structural formula 101, the
structural formula 121, or the structural formula 143 in
Embodiment 1) for a liquid crystal composition is preferable.
This is because the treatment temperature range where an
alignment state of a blue phase is stable in polymer stabiliza-
tion treatment for a blue phase can be widened, or a polymer-
stabilized blue phase which causes less residual birefringence
and thus has high reliability to successive voltage application
can be easily obtained.

The liquid crystal composition described in this embodi-
ment may include another polymerizable monomer com-
pound, in addition to the polymerizable monomer compound
represented by the general formula (G1). The polymerizable
monomer compound may be a monofunctional monomer
such as acrylate or methacrylate; a polyfunctional monomer
such as diacrylate, triacrylate, dimethacrylate, or tri-
methacrylate; or a mixture thereof. Further, the polymeriz-
able monomer compound may have liquid crystallinity, non-
liquid crystallinity, or both of them. Further, a polymerization
initiator May be added to the liquid crystal composition

As the polymerization reaction, photopolymerization reac-
tion or thermopolymerization reaction may be employed, and
photopolymerization reaction is preferred. In particular, pho-
topolymerization reaction with ultraviolet light is preferred.
Therefore, as a polymerization initiator, acetophenone, ben-
zophenone, benzoin, benzil, michler’s ketone, benzoin alkyl
ether, benzil dimethylketal, or thioxanthone can be used as
appropriate, for example. Note that after the polymer stabili-
zation treatment, the polymerization initiator becomes an
impurity that does not contribute to operation of a liquid
crystal display device in the polymer-liquid crystal compos-
ite; therefore, the amount of the polymerization initiator is
preferably as small as possible. For example, the amount of
the polymerization initiator is preferably less than or equal to
0.5 wt % in the liquid crystal composition.

The liquid crystal composition described in this embodi-
ment may include a chiral agent, in addition to the above-
described nematic liquid crystal compound, the polymeriza-
tion monomer compound represented by the general formula
(G1), and polymerization initiator. The chiral agent is used to
induce twisting of the liquid crystal composition, align the
liquid crystal composition in a helical structure, and make the
liquid crystal composition exhibit a blue phase. For the chiral
agent, a compound which has an asymmetric center, high
compatibility with the liquid crystal composition, and strong
twisting power is used. In addition, the chiral agent is an
optically active substance; a higher optical purity is better and
the most preferable optical purity is 99% or higher.

The additive amount of the chiral agent influences the
diffraction wavelength of the liquid crystal material exhibit-
ing a blue phase. Therefore, the additive amount of the chiral
agent is preferably adjusted so that the diffraction wavelength
of'the liquid crystal material exhibiting a blue phase is out of
a visible region (380 nm to 750 nm). As the chiral agent,
S-811 (produced by Merck Ltd., Japan), S-1011 (produced by
Merck Ltd., Japan), 1,4:3,6-dianhydro-2,5-bis[4-(n-hexyl-1-
oxy)benzoic acid]sorbitol (abbreviation: ISO-(60BA),)
(produced by Midori Kagaku Co., Ltd.), or the like can be
selected as appropriate.
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The liquid crystal composition which is an embodiment of
the present invention includes the above-described materials.
Note that a polymer-liquid crystal composite which has been
subjected to polymer stabilization treatment and includes the
above materials is included in the category of the liquid crys-
tal composition which is an embodiment of the present inven-
tion.

This polymer stabilization treatment may be performed on
aliquid crystal composition exhibiting an isotropic phase or a
liquid crystal composition exhibiting a blue phase under the
control of the temperature. A temperature at which the phase
changes from a blue phase to an isotropic phase when the
temperature rises, or a temperature at which the phase
changes from an isotropic phase to a blue phase when the
temperature falls is referred to as the phase transition tem-
perature between a blue phase and an isotropic phase. For
example, the polymer stabilization treatment can be per-
formed in the following manner: after a liquid crystal com-
position is heated to exhibit an isotropic phase, the tempera-
ture of the liquid crystal composition is gradually lowered so
that the phase changes to a blue phase, and then, light irra-
diation is performed while the temperature at which a blue
phase is exhibited is kept.

With the use of the liquid crystal composition described in
this embodiment for a liquid crystal element, low voltage
driving of the liquid crystal element can be achieved. Further,
with the use of the liquid crystal element for a liquid crystal
display device, a reduction in power consumption of the
liquid crystal display device can be achieved.

Note that the structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Embodiment 3

In this embodiment, a liquid crystal element and a liquid
crystal display device to which the polymerizable monomer
compound described in the above embodiments or a liquid
crystal composition including the polymerizable monomer
compound is applied will be described with drawings.

FIGS. 1A and 1B each illustrate an example of a liquid
crystal element and a liquid crystal display device according
to this embodiment.

Note that in this specification and the like, a liquid crystal
element is an element which controls transmission or non-
transmission of light by an optical modulation action of liquid
crystal and includes at least a pair of electrode layers and a
liquid crystal composition interposed therebetween. The lig-
uid crystal element described in this embodiment includes at
least a pair of electrode layers (the pixel electrode layer 230
and the common electrode layer 232 having different poten-
tials), and a liquid crystal composition 208 including the
polymerizable monomer compound represented by the gen-
eral formula (G1) in Embodiment 1 between the pair of elec-
trode layers. In this embodiment, the liquid crystal composi-
tion capable of exhibiting a blue phase described in
Embodiment 2 is used as the liquid crystal composition 208.

FIGS. 1A and 1B each illustrate a liquid crystal element
and a liquid crystal display device in which the liquid crystal
composition 208, which is a liquid crystal composition exhib-
iting a blue phase, is provided between a first substrate 200
and a second substrate 201. A difference between the liquid
crystal element and the liquid crystal display device in FIG.
1A and those in FIG. 1B is positions of the pixel electrode
layer 230 and the common electrode layer 232 with respect to
the liquid crystal composition 208.
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In the liquid crystal element and the liquid crystal display
device illustrated in FIG. 1A, the pixel electrode layer 230
and the common electrode layer 232 are adjacently provided
between the first substrate 200 and the liquid crystal compo-
sition 208. With the structure in FIG. 1A, a method in which
the gray scale is controlled by generating an electric field
substantially parallel (i.e., in the lateral direction) to a sub-
strate to move liquid crystal molecules in a plane parallel to
the substrate can be used.

The structure in FIG. 1A can be favorably applied to the
case where the liquid crystal composition exhibiting a blue
phase, which is a liquid crystal composition according to an
embodiment of the present invention, is used as the liquid
crystal composition 208. The liquid crystal composition pro-
vided as the liquid crystal composition 208 may contain an
organic resin.

With an electric field generated between the pixel electrode
layer 230 and the common electrode layer 232, liquid crystal
is controlled. An electric field in the lateral direction is gen-
erated in the liquid crystal, so that liquid crystal molecules
can be controlled by the electric field. The liquid crystal
composition exhibiting a blue phase is capable of quick
response. Thus, a high-performance liquid crystal element
and a high-performance liquid crystal display device can be
achieved. That is, the liquid crystal molecules aligned to
exhibit a blue phase can be controlled in the direction parallel
to the substrate, whereby a wide viewing angle can be
obtained.

For example, such a liquid, crystal composition exhibiting
a blue-phase, which is capable of quick response, can be
favorably used for a successive additive color mixing method
(field sequential method) in which light-emitting diodes
(LEDs) of RGB orthe like are arranged in a backlight unit and
color display is performed by time division, or a three-dimen-
sional display method using a shutter glasses system in which
images for the right eye and images for the left eye are
alternately viewed by time division.

In the liquid crystal element and the liquid crystal display
device illustrated in FIG. 1B, the pixel electrode layer 230 and
the common electrode layer 232 are provided on the first
substrate 200 side and the second substrate 201 side respec-
tively, with the liquid crystal composition 208 interposed
therebetween. With the structure in FIG. 1B, a method in
which the gray scale is controlled by generating an electric
field substantially perpendicular to a substrate to move liquid
crystal molecules in a plane perpendicular to the substrate
cane be used. An alignment film 202¢ may be provided
between the liquid crystal composition 208 and the pixel
electrode layer 230 and an alignment film 2026 may be pro-
vided between the liquid crystal composition 208 and the
common electrode layer 232. A liquid crystal composition
according to an embodiment of the present invention can be
used for liquid crystal elements with a variety of structures
and liquid crystal display devices with a variety of display
modes.

The distance between the pixel electrode layer 230 and the
common electrode layer 232, which are adjacent to each other
with the liquid crystal composition 208 interposed therebe-
tween, is a distance at which liquid crystal in the liquid crystal
composition 208 between the pixel electrode layer 230 and
the common electrode layer 232 responds to a predetermined
voltage applied to each of the pixel electrode layer 230 and the
common electrode layer 232. The voltage applied is con-
trolled depending on the distance as appropriate.

The maximum thickness (film thickness) of the liquid crys-
tal composition 208 is preferably greater than orequalto 1 pm
and less than or equal to 20 um.
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The liquid crystal composition 208 can be formed by a
dispensing method (dropping method), or an injection
method in which liquid crystal is injected using capillary
action or the like after the first substrate 200 and the second
substrate 201 are attached to each other.

Although not illustrated in FIGS. 1A and 1B, an optical
film such as a polarizing plate, a retardation plate, or an
anti-reflection film, or the like is provided as appropriate. For
example, circular polarization with the polarizing plate and
the retardation plate may be used. In addition, a backlight or
the like can be used as a light source. Alternatively, an optical
film including the polymerizable monomer compound repre-
sented by the general formula (G1) in Embodiment 1 may be
used.

In this specification, a substrate provided with a semicon-
ductor element (e.g., a transistor), a pixel electrode layer, and
a common electrode layer is referred to as an element sub-
strate (a first substrate), and a substrate which faces the ele-
ment substrate with a liquid crystal composition interposed
therebetween is referred to as a counter substrate (a second
substrate).

As aliquid crystal display device according to an embodi-
ment of the present invention, a transmissive liquid crystal
display device in which display is performed by transmission
of light from a light source, a reflective liquid crystal display
device in which display is performed by reflection of incident
light, or a transflective liquid crystal display device in which
atransmissive type and a reflective type are combined can be
provided.

Inthe case of the transmissive liquid crystal display device,
a pixel electrode layer, a common electrode layer, a first
substrate, a second substrate, and other components such as
an insulating film and a conductive film, which are provided
in a pixel region through which light is transmitted, have a
property of transmitting light in the visible wavelength range.
In the liquid crystal display device having the structure illus-
trated in FIG. 1A, it is preferable that the pixel electrode layer
and the common electrode layer have a light-transmitting
property; however, if an opening pattern is provided, a non-
light-transmitting material such as a metal film may be used
depending on the shape.

On the other hand, in the case of the reflective liquid crystal
display device, a reflective component which reflects light
transmitted through the liquid crystal composition (e.g., a
reflective film or substrate) may be provided on the side
opposite to the viewing side of the liquid crystal composition.
Therefore, a substrate, an insulating film, and a conductive
film which are provided between the viewing side and the
reflective component and through which light is transmitted
have a light-transmitting property with respect to light in the
visible wavelength range. Note that in this specification, a
light-transmitting property refers to a property of transmitting
at least light in the visible wavelength range. In the liquid
crystal display device having the structure illustrated in FIG.
1B, the pixel electrode layer or the common electrode layer on
the side opposite to the viewing-side may have a light-reflect-
ing property so that it can be used as a reflective component.

The pixel electrode layer 230 and the common electrode
layer 232 may be formed with the use of one or more of the
following: indium tin oxide (ITO), indium zinc; oxide
obtained by mixing zinc oxide (ZnO) with indium oxide, a
conductive material in which silicon oxide (Si0O,) is mixed
into indium oxide, organoindium, organotin, indium oxide
containing tungsten oxide, indium zinc oxide containing
tungsten oxide, indium oxide containing titanium oxide, and
indium tin oxide containing titanium oxide; graphene; metals
such as tungsten (W), molybdenum (Mo), zirconium (Zr),
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hafnium (Hf), vanadium (V), niobium (Nb), tantalum (Ta),
chromium (Cr), cobalt (Co), nickel (NO, titanium (Ti), plati-
num (Pt), aluminum (Al), copper (Cu), and silver (Ag); alloys
thereof, and metal nitrides thereof.

As the first substrate 200 and the second substrate 201, a
glass substrate of barium borosilicate glass, aluminoborosili-
cate glass, or the like, a quartz substrate, a plastic substrate, or
the like can be used.

A liquid crystal composition including a polymerizable
monomer compound according to an embodiment of the
present invention is applied to a liquid crystal element or a
liquid crystal display device, whereby low voltage driving of
the liquid crystal element or the liquid crystal display device
can be achieved. Thus, a reduction in power consumption of
the liquid crystal display device can be achieved.

Note that the structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Embodiment 4

As a liquid crystal display device according to an embodi-
ment of the present invention, a passive matrix liquid crystal
display device and an active matrix liquid crystal display
device can be provided. In this embodiment, an example of an
active matrix liquid crystal display device according to an
embodiment of the present invention will be described with
reference to FIGS. 2A and 2B and FIGS. 3A to 3D.

FIG. 2A is a plan view of the liquid crystal display device
and illustrates one pixel. FIG. 2B is a cross-sectional view
taken along line X1-X2 in FIG. 2A.

In FIG. 2A, a plurality of source wiring layers (including a
wiring layer 405a) is arranged so as to be parallel to (extend
in the longitudinal direction in the drawing) and apart from
each other. A plurality of gate wiring layers (including a gate
electrode layer 401) is arranged so as to be extended in the
direction perpendicular to or substantially perpendicular to
the source wiring layers (in the horizontal direction in the
drawing) and apart from each other. Common wiring layers
408 are provided so as to be adjacent to the respective gate
wiring layers and extended in the direction parallel to or
substantially parallel to the gate wiring layers, that is, in the
direction perpendicular to or substantially perpendicular to
the source wiring layers (in the horizontal direction in the
drawing). A roughly rectangular space is surrounded by the
source wiring layers, the common wiring layer 408, and the
gate wiring layer. In this space, a pixel electrode layer and a
common electrode layer of the liquid crystal display device
are provided. A transistor 420 for driving the pixel electrode
layer is provided at the upper left corner of the drawing. A
plurality of pixel electrode layers and a plurality of transistors
are arranged in a matrix.

In the liquid crystal display device in FIGS. 2A and 2B, a
first electrode layer 447 electrically connected to the transis-
tor 420 serves as a pixel electrode layer, while a second
electrode layer 446 electrically connected to the common
wiring layer 408 serves as a common electrode layer. Note
that a capacitor is formed by the first electrode layer and the
common wiring layer. Although the common electrode layer
can operate in a floating state (electrically isolated state), the
potential of the common electrode layer may be set to a fixed
potential, preferably to a potential around an intermediate
potential of an image signal which is transmitted as data at
such a level as not to generate flickers.

A method can be used in which the gray scale is controlled
by generating an electric field parallel to or substantially
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parallel to a substrate (i.e., in the lateral direction) to move
liquid crystal molecules in a plane parallel to the substrate.
For such a method, an electrode structure used in an IPS mode
illustrated in FIGS. 2A and 2B and FIGS. 3A to 3D can be
employed.

In a lateral electric field mode such as an IPS mode, a first
electrode layer (e.g., a pixel electrode layer with which a
voltage is controlled in each pixel) and a second electrode
layer (e.g., a common electrode layer with which a common
voltage is applied to all pixels), each of which has an opening
pattern, are located below a liquid crystal composition.
Therefore, the first electrode layer 447 and the second elec-
trode layer 446, one of which is a pixel electrode layer and the
other of which is a common electrode layer, are formed over
afirst substrate 441, and at least one of the first electrode layer
and the second electrode layer is formed over an interlayer
film. The first electrode layer 447 and the second electrode
layer 446 have not a flat shape but various opening patterns
including, a bent portion or a branched comb-like portion.
The first electrode layer 447 and the second electrode layer
446 have the same shape and do not overlap with each other
in order to generate an electric field between the electrodes.

The first electrode layer 447 and the second electrode layer
446 may have an electrode structure used in an FFS mode. In
a lateral electric field mode such as an FFS mode, a first
electrode layer (e.g., a pixel electrode layer with which a
voltage is controlled in each pixel) having an opening pattern
is located below a liquid crystal composition, and further, a
second electrode layer (e.g., a common electrode layer with
which a common voltage is applied to all pixels) having a flat
shape is located below the opening pattern. In this case, the
first electrode layer and the second electrode layer, one of
which is a pixel electrode layer and the other of which is a
common electrode layer, are formed over the first substrate
441, and the pixel electrode layer and the common electrode
layer are stacked with an insulating film (or an interlayer
insulating film) interposed therebetween. One of the pixel
electrode layer and the common electrode layer is formed
below the insulating film (or the interlayer insulating film),
whereas the other is formed above the insulating film (or the
interlayer insulating filth) and has various opening patterns
including a bent portion or a branched comb-like portion. The
first electrode layer 447 and the second electrode layer 446
have the same shape and do not overlap with each other in
order to generate an electric field between the electrodes.

The liquid crystal composition including the polymeriz-
able monomer represented by the general formula (G1)
described in Embodiment 1 is used as a liquid crystal com-
position 444. The liquid crystal composition 444 may further
contain an organic resin. In this embodiment, the liquid crys-
tal composition capable of exhibiting a blue phase and
described in Embodiment 2 is used as the liquid crystal com-
position 444. The liquid crystal composition 444 is provided
in a liquid crystal display device with a blue phase exhibited
(with a blue phase shown) by being subjected to polymer
stabilization treatment.

With an electric, field generated between the first electrode
layer 447 as the pixel electrode layer and the second electrode
layer 446 as the common electrode layer, liquid crystal of the
liquid crystal composition 444 is controlled. An electric field
in the lateral direction is formed in the liquid crystal, so that
liquid crystal molecules can be controlled using the electric
field. Since the liquid crystal molecules aligned to exhibit a
blue phase can be controlled in the direction parallel to the
substrate, a wide viewing angle is obtained.

FIGS. 3A to 3B illustrate other examples of the first elec-
trode layer 447 and the second electrode layer 446. As illus-
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trated in top views of FIGS. 3A to 3D, first electrode layers
447a to 447d and second electrode layers 446a to 446d are
arranged alternately. In FIG. 3 A, the first electrode layer 447a
and the second electrode layer 446a have wavelike shapes
with curves. In FI1G. 3B, the first electrode layer 4475 and the
second electrode layer 4465 have shapes with concentric
circular openings. In FIG. 3C, the first electrode layer 447¢
and the second electrode layer 446¢ have comb-like shapes
and partially overlap with each other. In FIG. 3D, the first
electrode layer 447d and the second electrode layer 4464 have
comb-like shapes in which the electrode layers are engaged
with each other. In the case where the first electrode layers
447a, 447h, and 447¢ overlap with the second electrode lay-
ers 446a, 4465, and 446c¢, respectively, as illustrated in FIGS.
3A to 3C, an insulating film is formed between the first
electrode layer 447 and the second electrode layer 446 so that
the first electrode layer 447 and the second electrode layer
446 are formed over different films.

Since the first electrode layer 447 and the second electrode
layer 446 have opening patterns, they are illustrated as
divided plural electrode layers in the cross-sectional view in
FIG. 2B. The same applies to the other drawings of this
specification.

The transistor 420 is an inverted staggered thin film tran-
sistor in which the gate electrode layer 401, a gate insulating
layer 402, a semiconductor layer 403, and wiring layers 405a
and 4055 which function as a source electrode layer and a
drain electrode layer are formed over the first substrate 441
having an insulating surface.

There is no particular limitation, on the structure of a
transistor which can be used for a liquid crystal display device
disclosed in this specification. For example, a staggered type
or a planar type having a top-gate structure or a bottom-gate
structure can be employed. The transistor may have a single-
gate structure in which one channel formation region is
formed, a double-gate structure in which two channel forma-
tion regions are formed, or a triple-gate structure in which
three channel formation regions are formed. Alternatively, the
transistor may have a dual-gate structure including two gate
electrode layers positioned over and below a channel region
with a gate insulating layer interposed therebetween.

An insulating film 407 which is in contact with the semi-
conductor layer 403, and an insulating film 409 are provided
to cover the transistor 420. An interlayer film 413 is stacked
over the insulating film 409.

There is no particular limitation on the method for forming
the interlayer film 413, and the following method can be
employed depending on the material: spin coating, dip coat-
ing, spray coating, a droplet discharging method (such as an
ink-jet method), a printing method (such as screen printing or
offset printing), roll coating, curtain coating, knife coating, or
the like.

The first substrate 441 and a second substrate 442 which is
a counter substrate are firmly attached to each other with a
sealant with the liquid crystal composition 444 interposed
therebetween. The liquid crystal composition 444 can be
formed by a dispensing method (a dropping method), or an
injection method in which liquid crystal is injected using
capillary action or the like after the first substrate 441 is
attached to the second substrate 442.

As the sealant, typically, a visible light curable resin, a UV
curable resin, or a thermosetting resin is preferably used.
Typically, an acrylic resin, an epoxy resin, an amine resin, or
the like can be used. Further, a photopolymerization initiator
(typically, a UV polymerization initiator), a thermosetting
agent, a filler, or a coupling agent may be contained in the
sealant.
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In this embodiment, since polymer stabilization treatment
by light irradiation is performed for forming the liquid crystal
composition 444, a liquid crystal composition to which a
photopolymerization initiator is added is used as a liquid
crystal composition including the polymerizable monomer
compound represented by the general formula (G1) in
Embodiment 1 and exhibiting a blue phase.

After the space between the first substrate 441 and the
second substrate 442 is filled with the liquid crystal compo-
sition stabilization treatment is performed by light irradia-
tion, whereby the liquid crystal composition 444 is formed.
The light has a wavelength at which the photopolymerizable
monomer and the photopolymerization initiator which are
used for the liquid crystal composition 444 react. By such
polymer stabilization treatment by light irradiation, the tem-
perature range where the liquid crystal composition 444
exhibits a blue phase can be broadened.

Note that among the polymerizable monomer compounds
represented by the general formula (G1), use of a polymeriz-
able monomer compound in which n and m are individually
an even number from 2 to 20 is preferred because polymer-
ization reaction is facilitated at the polymer stabilization
treatment.

Inthe case where a photocurable resin such as a UV curable
resin is used as a sealant and a liquid crystal composition is
formed by a dropping method, for example, the sealant may
be cured in the light irradiation step of the polymer stabiliza-
tion treatment.

In this embodiment, a polarizing plate 443a is provided on
the outer side (on the side opposite to the liquid crystal com-
position 444) of the first substrate 441, and a polarizing plate
4435 is provided on the outer side (on the side opposite to the
liquid crystal composition 444) of the second substrate 442.
In addition to the polarizing plate, an optical film such as a
retardation plate or an anti-reflection film may be provided.
For example, circular polarization with the polarizing plate
and the retardation plate may be used. Alternatively, an opti-
cal film including the polymerizable monomer compound
represented by the general formula (G1) in Embodiment 1
may be used. Through the above process, a liquid crystal
display device can be completed.

In the case of manufacturing a plurality of liquid crystal
display devices using a large-sized substrate (a so-called mul-
tiple panel method), a division step can be performed before
performing the polymer stabilization treatment or before pro-
viding the polarizing plates. In consideration of the influence
of'the division step on the liquid crystal composition (such as
alignment disorder due to force applied in the division step),
it is preferable that the division step be performed after attach-
ing the first substrate and the second substrate and before
performing the polymer stabilization treatment.

Although not illustrated, a backlight, a sidelight, or the like
may be used as a light source. Light from the light source is
emitted from the side of the first substrate 441 which is an
element substrate so as to pass through the second substrate
442 on the viewing side.

The first electrode layer 447 and the second electrode layer
446 can be formed using a light-transmitting conductive
material such as indium oxide containing tungsten oxide,
indium zinc oxide containing tungsten oxide, indium oxide
containing titanium oxide, indium tin oxide containing tita-
nium oxide, ITO, indium zinc oxide, indium tin oxide to
which silicon oxide is added, or graphene.

The first electrode layer 447 and the second electrode layer
446 can be formed of one or more materials selected from
metals such as tungsten (W), molybdenum (Mo), zirconium
(Zr), hafnium (Hf), vanadium (V), niobium (Nb), tantalum
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(Ta), chromium (Cr), cobalt (Co), nickel (Ni), titanium (T1),
platinum (Pt), aluminum (Al), copper (Cu), and silver (Ag);
alloys thereof; and metal nitrides thereof.

The first electrode layer 447 and the second electrode layer
446 can be formed using a conductive composition including
a conductive macromolecule (also referred to as a conductive
polymer).

As the conductive high molecule, a so-called m-electron
conjugated conductive polymer can be used. Examples
thereof include polyaniline or a derivative thereof, polypyr-
role or a derivative thereof, polythiophene or a derivative
thereof, a copolymer of two or more kinds of aniline, pyrrole,
and thiophene or a derivative thereof.

An insulating film serving as a base film may be provided
between the first substrate 441 and the gate electrode layer
401. The base film has a function of preventing diffusion of an
impurity element from the first substrate 441, and can be
formed to have a single-layer structure or a layered structure
using one or more of a silicon nitride film, a silicon oxide film,
a silicon nitride oxide film, and a silicon oxynitride film. The
gate electrode layer 401 can be formed with the use of any of
metal materials such as molybdenum, titanium, chromium,
tantalum, tungsten, aluminum, copper, neodymium, and
scandium, and an alloy material which contains any of these
materials as its main component. Alternatively, a semicon-
ductor film typified by a polycrystalline silicon film doped
with an impurity element such as phosphorus, or a silicide
film such as a nickel silicide film may be used as the gate
electrode layer 401. The gate electrode layer 401 may have a
single-layer structure or layered structure. By using a light-
blocking conductive film as the gate electrode layer 401, light
from a backlight (light emitted through the first substrate 441)
can be prevented from entering the semiconductor layer 403.

For example, as a two-layer structure of the gate electrode
layer 401, the following structures are preferable: a two-layer
structure of an aluminum layer and a molybdenum layer
stacked thereover, a two-layer structure of a copper layer and
a molybdenum layer stacked thereover, a two-layer structure
of a copper layer and a titanium nitride layer or a tantalum
nitride layer stacked thereover, and a two-layer structure of a
titanium nitride layer and a molybdenum layer. As a three-
layer structure, a layered structure in which a tungsten layer
or a tungsten nitride layer, an alloy layer of aluminum and
silicon or an alloy layer of aluminum and titanium, and a
titanium nitride layer or a titanium layer are stacked is pref-
erable.

For example, the gate insulating layer 402 can be formed
by a plasma CVD method, or a sputtering method, with the
use of a silicon oxide film, a gallium oxide film, an aluminum
oxide film, a silicon nitride film, a silicon oxynitride film, an
aluminum, oxynitride film, or a silicon nitride oxide film.
Alternatively, a high-k material such as hafnium oxide,
yttrium oxide, lanthanum oxide, hafnium silicate (HfS1,0,
(x>0, y>0)), hafnium aluminate (HfALO, (x>0, y>0)),
hafnium silicate to which nitrogen is added, or hafnium alu-
minate to which nitrogen is added may be used as a material
for the gate insulating layer 402. The use of such a high-k
material enables a reduction in gate leakage current.

Alternatively, the gate insulating layer 402 can be formed
using a silicon oxide layer by a CVD method using an orga-
nosilane gas. As an organosilane gas, a silicon-containing
compound such as tetracthoxysilane (TEOS) (chemical for-
mula: Si(OC,Hs),), tetramethylsilane (TMS) (chemical for-
mula: Si(CH;),), tetramethylcyclotetrasiloxane (TMCTS),
octamethylcyclotetrasiloxane (OMCTS), hexamethyldisila-
zane (HMDS), triethoxysilane (SiH(OC,Hs);), or trisdim-

10

15

20

25

30

35

40

45

50

55

60

65

36
ethylaminosilane (SiH(N(CH,),);) can be used. Note that the
gate insulating layer 402 may have a s single layer structure or
a stacked structure.

A material of the semiconductor layer 403 is not particu-
larly limited and may be determined as appropriate depend-
ing on characteristics needed for the transistor 420. Examples
of a material which can be used for the semiconductor layer
403 will be described.

The semiconductor layer 403 can be formed using the
following material: an amorphous semiconductor formed by
a chemical vapor deposition method using a semiconductor
source gas typified by silane or germane or by a physical
vapor deposition method such as sputtering; a polycrystalline
semiconductor formed by crystallizing the amorphous semi-
conductor with the use of light energy or thermal energy; a
microcrystalline semiconductor in which a minute crystalline
phase and an amorphous phase coexist; or the like. The semi-
conductor layer can be formed by a sputtering method, an
LPCVD method, a plasma CVD method, or the like.

A typical example of an amorphous semiconductor is
hydrogenated amorphous silicon, while a typical example of
a crystalline semiconductor is polysilicon. Examples of poly-
silicon (polycrystalline silicon) are as follows: so-called
high-temperature polysilicon which contains polysilicon
formed at a process temperature of 800° C. or higher as its
main component, so-called low-temperature polysilicon
which contains polysilicon formed at a process temperature
of 600° C. or lower as its main component, and polysilicon
obtained by crystallizing amorphous silicon with the use ofan
element that promotes crystallization, or the like. It is need-
less to say that a microcrystalline semiconductor or a semi-
conductor partly containing a crystal phase can be used as
described above.

Alternatively, the semiconductor layer 403 may be formed
with the use of an oxide semiconductor. For example, a metal
oxide material containing two or more elements selected
from In, Ga, Zn, and Sn may be used as the oxide semicon-
ductor; A four-component metal oxide such as an In—Sn—
Ga—Zn—O0-based material; a three-component metal oxide
such as an In—Ga—Zn—0O-based material, an In—Sn—
Zn—0O-based material, an In—Al—Zn—O-based material, a
Sn—Ga—Zn—0O-based material, an Al—Ga—Z7Zn—O0O-
based material, a Sn—Al—Zn—O-based material, or a
Hf—In—7n—O-based material; a two-component metal
oxide such as an In—Zn—0O-based material, a Sn—Zn—O-
based material, an Al—Zn—O-based material, a Zn—Mg—
O-based material, a Sn—Mg—O-based material, an
In—Mg—O-based material, or an In—Ga—O-based mate-
rial; or a single-component metal oxide such as an In—O-
based material, a Sn—O-based material, or a Zn—O-based
material may be used. In addition, any of the above oxide
semiconductors may contain an element other than In, Ga, Sn,
and Zn, for example, SiO,.

Here, for example, the In—Ga—Zn-based oxide semicon-
ductor refers to an oxide semiconductor containing indium
(In), gallium (Ga), and zinc (Zn) and there is no particular
limitation on the composition ratio thereof.

For the oxide semiconductor layer, a thin film expressed by
the chemical formula, InMO;(Zn0),, (m>0), can be used.
Here, m represents one or more metal elements selected from
Zn,Ga, Al, Mn, and Co. For example, m can be Ga, Gaand Al,
Ga and Mn, or Ga and Co.

In the case where the In—Sn—Z7n—O-based material is
used as oxide semiconductor, a target May have a composi-
tion ratio of In:Sn:Zn=1:2:2, In:Sn:Zn=2:1:3; In:Sn:Zn=1:1:
1, for example.
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In the case where an In—Zn—O-based material is used as
an oxide semiconductor, a target to be used has a composition
ratio of In:Zn=50:1 to 1:2 in an atomic ratio (In,O;:
7Zn0=25:1to 1:4 in a molar ratio), preferably In:Zn=20:1 to
1:1 in an atomic ratio (In,0;:Zn0=10:1 to 1:2 in a molar
ratio), further preferably In:Zn=15:1 to 1.5:1 in an atomic
ratio (In,0;:Zn0=15:2 to 3:4 in a molar ratio). For example,
in a target used for formation of an In—Zn—O-based oxide
semiconductor which has an atomic ratio of In:Zn:0—X:Y:
Z, the relation of Z>1.5X+Y is satisfied.

As the oxide semiconductor layer, a CAAC-OS (c-axis
aligned crystalline oxide semiconductor) film which is nei-
ther completely single crystal nor completely amorphous can
be used. The CAAC-OS film is an oxide semiconductor layer
with a crystal-amorphous mixed phase structure where crys-
tal parts and amorphous parts are included in an amorphous
phase. In the crystal portion included in the CAAC-OS film,
c-axes are aligned in the direction parallel (including the
range of =5° to 5°) to a normal vector of the surface where the
CAAC-OS film is formed or a normal vector of the surface of
the CAAC-OS film, a triangular or hexagonal atomic arrange-
ment is provided when seen from the direction perpendicular
to an a-b plane, and metal atoms are arranged in a layered
manner or metal atoms and oxygen atoms are arranged in a
layered manner when seen from the direction perpendicular
(including the range of 85° to 95°) to the c-axis. Note that
among crystal parts, the directions of an a-axis and a b-axis of
one crystal part may be different from those of another crystal
part.

In a process of forming the semiconductor layer and the
wiring layer, an etching step is used to process thin films into
desired shapes. Dry etching or wet etching can be employed
for the etching step.

The etching conditions (such as an etchant, etching time,
and temperature) are appropriately adjusted depending on the
material so that the material can be etched to have a desired
shape.

As amaterial of the wiring layers 405q and 4055 serving as
source and drain electrode layers, an element selected from
Al, Cr, Ta, Ti, Mo, and W; an alloy containing any of the above
elements as its component; an alloy film containing a combi-
nation of any of these elements; and the like can be given.
Further, in the case where heat treatment is performed, the
conductive film preferably has heat resistance against the heat
treatment. Since the use of aluminum alone brings disadvan-
tages such as low heat resistance and a tendency to corrosion,
aluminum is used in combination with a conductive material
having heat resistance. As the conductive material having
heat resistance which is combined with aluminum, it is pos-
sible to use an element selected from titanium (T1), tantalum
(Ta), tungsten (W), molybdenum (Mo), chromium (Cr),
neodymium (Nd), and scandium (Sc); an alloy containing any
of these elements as its component; an alloy containing a
combination of any of these elements; or a nitride containing
any of these elements as its component.

The gate insulating layer 402, the semiconductor layer 403,
and the wiring layers 4054 and 4055 serving as source and
drain electrode layers may be successively formed without
being exposed to the air. Successive film formation without
exposure to the air makes it possible to obtain each interface
between stacked layers, which is not contaminated by atmo-
spheric components or impurity elements floating in the air.
Therefore, variation in characteristics of the transistor can be
reduced.
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Note that the semiconductor layer 403 is partly etched so as
to have a groove (a depressed portion).

As the insulating film 407 and the insulating film 409
which cover the transistor 420, an inorganic insulating film or
an organic insulating film formed by a dry method or a wet
method can be used. For example, itis possible to use a silicon
nitride filth, a silicon oxide film, a silicon oxynitride film, an
aluminum oxide film, or a tantalum oxide filth, which is
formed by a CVD method, a sputtering method, or the like.
Alternatively, an organic material such as polyimide, acrylic,
a benzocyclobutene-based resin, polyamide, epoxy can be
used. As, an alternative to such organic materials, it is pos-
sible to use a low-dielectric constant material (a low-k mate-
rial), a siloxane-based resin, phosphosilicate glass (PSG),
borophosphosilicate glass (BPSG), or the like. A gallium
oxide film can also be used as the insulating film 407.

Note that the siloxane-based resin corresponds to a resin
including a Si—O—Si bond formed using a siloxane-based
material as a starting material. The siloxane-based resin may
include as a substituent an organic group (e.g., an alkyl group
or an aryl group) or a fluoro group. The organic group may
include a fluoro group. A siloxane-based resin is applied by a
coating method and baked; thus, the insulating film 407 can
be formed.

Alternatively, the insulating film 407 and the insulating
film 409 may be formed by stacking a plurality of insulating
films formed using any of these materials. For example, a
structure may be employed in which an organic resin film is
stacked over an inorganic insulating film.

Further, with the use of a resist mask having regions with
plural thicknesses (typically, two different thicknesses)
which is formed using a multi-tone mask, the number of
photomasks can be reduced, resulting in a simplified process
and lower cost.

As described above, a liquid crystal composition including
the polymerizable monomer compound represented by the
general formula (G1) is applied to a liquid crystal display
device, whereby a liquid crystal display device capable of low
voltage driving can be provided. Thus, a reduction in power
consumption of the liquid crystal display device can be
achieved.

Since the liquid crystal composition including the poly-
merizable monomer compound represented by the general
formula (G1) and exhibiting a blue phase is capable of quick
response, a high-performance liquid crystal display device
can be achieved.

Note that the structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Embodiment 5

In this embodiment, a liquid crystal display device includ-
ing the liquid crystal composition described in the above
embodiments will be described. The liquid crystal display
device includes a transistor in a pixel portion, and further in a
driver circuit. Further, part or the whole of the driver circuit
can be formed over the same substrate as the pixel portion,
using the transistor, whereby a system-on-panel can be
obtained.

The liquid crystal display device includes a liquid crystal
element (also referred to as a liquid crystal display element)
as a display element.

Further, a liquid crystal display device includes a panel in
which a liquid crystal display element is sealed, and a module
in which an IC or the like including a controller is mounted to
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the panel. An embodiment of the present invention also
relates to an element substrate, which corresponds to one
mode in which the display, element has not been completed in
a manufacturing process of the liquid crystal display device,
and the element substrate is provided with a means for sup-
plying current to the display element in each of a plurality of
pixels. Specifically, the element substrate may be in a state
where it is provided only with a pixel electrode of the display
element, in a state where a conductive film to be a pixel
electrode has been formed and the conductive film has not yet
been etched to form the pixel electrode, or in any other state.

The appearance and a cross section of a liquid, crystal
display panel, which is an embodiment of a liquid crystal
display device, will be described with reference to FIGS.
4A1,4A2,and 4B. FIGS. 4A1 and 4A2 are each a top view of
apanel in which transistors 4010 and 4011 formed over a first
substrate 4001 and a liquid crystal element 4013 are sealed
between the first substrate 4001 and a second substrate 4006
with a sealant 4005. FIG. 4B is a cross-sectional view taken
along line M-N of FIGS. 4A1 and 4A2.

The sealant 4005 is provided to surround a pixel portion
4002 and a scanning line driver circuit 4004 that are provided
over the first substrate 4001. The second substrate 4006 is
provided over the pixel portion 4002 and the scanning line
driver circuit 4004. Therefore, the pixel portion 4002 and the
scanning line driver circuit 4004 are sealed together with a
liquid crystal composition 4008, by the first substrate 4001,
the sealant 4005, and the second substrate 4006.

In FIG. 4A1, a signal line driver circuit 4003 that is formed
using a single crystal semiconductor film or a polycrystalline
semiconductor film over a substrate separately prepared is
mounted in a region different from the region surrounded by
the sealant 4005 over the first substrate 4001. Note that FIG.
4A2 illustrates an example in which part of the signal line
driver circuit is formed using a transistor provided over the
first substrate 4001. A signal line driver circuit 40035 is
formed over the first substrate 4001, and a signal line driver
circuit 4003¢ formed using a single crystal semiconductor
film or a polycrystalline semiconductor film is mounted on a
substrate separately prepared.

Note that there is no particular limitation on the connection
method of a driver circuit which is separately formed, and
COG, wire bonding, TAB, or the like can be used. FIG. 4A1
illustrates an example of mounting the signal line driver cir-
cuit 4003 by COG, and FIG. 4A2 illustrates an example of
mounting the signal line driver circuit 4003 by TAB.

The pixel portion 4002 and the scanning line driver circuit
4004 provided over the first substrate 4001 each include a
plurality of transistors. FIG. 4B illustrates the transistor 4010
included in the pixel portion 4002 and the transistor 4011
included in the scanning line driver circuit 4004. An insulat-
ing layer 4020 and an interlayer film 4021 are provided over
the transistors 4010 and 4011.

As the transistors 4010 and 4011, the transistor which is
described in Embodiment 4 can be employed.

Further, a conductive layer may be provided over the inter-
layer film 4021 or the insulating layer 4020 so as to overlap
with a channel formation region of a semiconductor layer of
the transistor 4011 for the driver circuit. The conductive layer
may have the same potential as or a potential different from
that of a gate electrode layer of the transistor 4011 and can
function as a second gate electrode layer. Further, the poten-
tial of the conductive layer may be GND or 0 V, or the
conductive layer may be in a floating state.

A pixel electrode layer 4030 and a common electrode layer
4031 are provided over the interlayer film 4021, and the pixel
electrode layer 4030 is electrically connected to the transistor
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4010. The liquid crystal element 4013 includes the pixel
electrode layer 4030, the common electrode layer 4031, and
the liquid crystal composition 4008. Note that a polarizing
plate 4032a and a polarizing plate 40325 are provided on the
outer sides of the first substrate 4001 and the second substrate
4006, respectively.

The liquid crystal composition including the polymeriz-
able monomer compound represented by the general formula
(G1) described in Embodiment 1 is used as the liquid crystal
composition 4008. The structures of the pixel electrode layer
and the common electrode layer described in the above
embodiment can be used for the pixel electrode layer 4030
and the common electrode layer 4031.

In this embodiment, the liquid crystal composition includ-
ing the polymerizable monomer compound represented, by
the general formula (G1) and exhibiting a blue phase is used
as the liquid crystal composition 4008. The liquid crystal
composition 4008 is provided in a liquid crystal display
device with a blue phase exhibited (with a blue phase shown)
by being subjected to polymer stabilization treatment. There-
fore, in this embodiment, the pixel electrode layer 4030 and
the common electrode layer 4031 have opening patterns, as
the electrode layers illustrated in FIG. 1A or FIGS. 3A to 3D.

With an electric field generated between the pixel electrode
layer 4030 and the common electrode layer 4031, liquid
crystal of the liquid crystal composition 4008 is controlled.
An electric field in a lateral direction is formed in the liquid
crystal, so that liquid crystal molecules can be controlled
using the electric field. Since the liquid crystal molecules
aligned to exhibit a blue phase can be controlled in the direc-
tion parallel to the substrate, a wide viewing angle is obtained.

Among the polymerizable monomer compounds repre-
sented by the general formula (G1), use of a polymerizable
monomer compound in which n and m are individually an
even number from 2 to 20 is preferred because polymeriza-
tion reaction is facilitated at the polymer stabilization treat-
ment.

As the first substrate 4001 and the second substrate 4006,
glass, plastic, or the like having a light-transmitting property
can beused. As plastic, a fiberglass-reinforced plastics (FRP)
plate, a polyvinyl fluoride (PVF) film, a polyester film, or an
acrylic resin film can be used. A sheet with a structure in
which an aluminum foil is sandwiched between PVF films or
polyester films can also be used.

A columnar spacer denoted by reference numeral 4035 is
obtained by selective etching, of an insulating film and is
provided in order to control the thickness of the liquid crystal
composition 4008 (a cell gap). Alternatively, a spherical
spacer may be used. In the liquid crystal display device
including the liquid crystal composition 4008, the cell gap
which is the thickness of the liquid crystal composition is
preferably greater than or equal to 1 um and less than or equal
to 20 um. In this specification, the thickness of a cell gap
refers to the maximum thickness (film thickness) of a liquid
crystal composition.

Although FIGS. 4A1, 4A2, and 4B illustrate examples of
transmissive liquid crystal display devices, an embodiment of
the present invention can also be applied to a transflective
liquid crystal display device and a reflective liquid crystal
display device.

FIGS. 4A1,4A2, and 4B illustrate examples of liquid crys-
tal display devices in which a polarizing plate is provided on
the outer side the viewing side) of a substrate; however, the
polarizing plate may be provided on the inner hide of the
substrate. The position of the polarizing plate may be deter-
mined as appropriate depending on the material of the polar-



US 9,150,786 B2

41

izing plate and conditions of the manufacturing process. Fur-
thermore, a light-blocking layer serving as a black matrix
may be provided.

A color filter layer or a light-blocking layer may be formed
as part of the interlayer film 4021. In FIGS. 4A1,4A2,and 4B,
a light-blocking layer 4034 is provided on the second sub-
strate 4006 side so as to cover the transistors 4010 and 4011.
By providing the light-blocking layer 4034, the contrast can
be more increased and the transistors can be more stabilized.

The transistors may be, but is not necessarily, covered with
the insulating layer 4020 which functions as a protective film
of the transistors.

Note that the protective film is provided to prevent entry of
contaminant impurities such as an organic substance, metal,
and, moisture in the air and is preferably a dense film. The
protective film may be formed by a sputtering method to have
a single-layer structure or a layered structure including any of
a silicon oxide film, a silicon nitride film, a silicon oxynitride
film, a silicon nitride oxide film, an aluminum oxide film, an
aluminum nitride film, an aluminum oxynitride film, and an
aluminum nitride oxide film.

Further, in the case of further forming a light-transmitting
insulating layer as a planarizing insulating film, the light-
transmitting insulating layer can be formed using an organic
material having heat resistance, such as polyimide, acrylic; a
benzocyclobutene-based resin, polyamide, or epoxy. As an
alternative to such organic materials, it is possible to use a
low-dielectric constant material (a low-k material), a silox-
ane-based resin, phosphosilicate glass (PSG), borophospho-
silicate glass (BPSQG), or the like. The insulating layer may be
formed by stacking a plurality of insulating films formed of
these materials.

There is no particular limitation on the method for forming
the insulating layer having a stacked structure, and the fol-
lowing method can be employed depending on the material:
sputtering, spin coating, dip coating, spray coating, a droplet
discharging method (such as an ink-jet method), a printing
method (such as screen printing or offset printing), roll coat-
ing, curtain coating, knife coating, or the like.

The pixel electrode layer 4030 and the common electrode
layer 4031 can be formed using a light-transmitting conduc-
tive material such as indium oxide containing tungsten oxide,
indium zinc oxide containing tungsten oxide, indium oxide
containing titanium oxide, indium tin oxide containing tita-
nium oxide, ITO, indium zinc oxide, indium tin oxide to
which silicon oxide is added, or graphene.

Alternatively, the pixel electrode layer 4030 and the com-
mon electrode layer 4031 can be formed using one or more of
the following: metals such as tungsten (W), molybdenum
(Mo), zirconium (Zr), hatnium (Hf), vanadium (V), niobium
(Nb), tantalum (Ta), chromium (Cr), cobalt (Co), nickel (Ni),
titanium (T1), platinum (Pt), aluminum (Al), copper (Cu), and
silver (Ag); alloys thereof; and nitrides thereof.

The pixel electrode layer 4030 and the common electrode
layer 4031 can be formed using a conductive composition
including a conductive macromolecule (also referred to as a
conductive polymer).

Further, a variety of signals and potentials are supplied to
the signal line driver circuit 4003 which is formed separately,
the scanning line driver circuit 4004, or the pixel portion 4002
from an FPC 4018.

Further, since the transistor is easily broken by static elec-
tricity or the like, a protective circuit for protecting the driver
circuits is preferably provided over the same substrate as a
gate line or a source line. The protection circuit is preferably
formed using a nonlinear element.
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In FIGS. 4A1, 4A2, and 4B, a connection terminal elec-
trode 4015 is formed using the same conductive film as the
pixel electrode layer 4030, and a terminal electrode 4016 is
formed using the same conductive film as source electrode
layers and drain electrode layers of the transistors 4010 and
4011.

The connection terminal electrode 4015 is electrically con-
nected to a terminal included in the FPC 4018 through an
anisotropic conductive film 4019.

Although FIGS. 4A1, 4A2, and 4B illustrate an example in
which the signal line driver circuit 4003 is formed separately
and mounted on the first substrate 4001, an embodiment of
the present invention is not limited to this structure. The
scanning line driver circuit may be Separately formed and
then mounted, or only part of the signal line driver circuit or
part of the scanning line driver circuit may be separately
formed and then mounted.

As described above, a liquid crystal composition including
the polymerizable monomer compound represented by the
general formula (G1) is applied to a liquid crystal display
device, whereby a liquid crystal display device capable of low
voltage driving can be provided. Thus, a reduction in power
consumption of the liquid crystal display device can be
achieved.

Since the liquid crystal composition including the poly-
merizable monomer compound represented by the general
formula (G1) and exhibiting a blue phase is capable of quick
response, a high-performance liquid crystal display device
can be achieved.

Note that the structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Embodiment 6

A liquid crystal display device disclosed in this specifica-
tion can be applied to a variety of electronic devices (includ-
ing game machines). Examples of electronic devices are a
television set (also referred to as a television or a television
receiver), a monitor of a computer or the like, a camera such
as a digital camera or a digital video camera, a digital photo
frame, a mobile phone handset (also referred, to as a mobile
phone or a mobile phone device), a portable game machine, a
portable information terminal, an audio reproducing device, a
large-sized game machine such as a pachinko machine, and
the like.

FIG. 5A illustrates a laptop personal computer, which
includes a main body 3001, a housing 3002, a display portion
3003, akeyboard 3004, and the like. The liquid crystal display
device described in any of the above embodiments is used for
the display portion 3003, whereby low voltage driving and a
reduction in power consumption of the laptop personal com-
puter can achieved.

FIG. 5B illustrates a personal digital assistant (PDA),
which includes a main body 3021 provided with a display
portion 3023, an external interface 3025, operation buttons
3024, and the like. A stylus 3022 is provided as an accessory
for operation. The liquid crystal display device described in
any of the above embodiments is used for the display portion
3023, whereby low voltage driving and a reduction in power
consumption of the personal digital assistant (PDA) can be
achieved.

FIG. 50 illustrates an e-book reader, which includes two
housings, a housing 2701 and a housing 2703. The housing
2701 and the housing 2703 are combined with a hinge 2711 so
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that the e-book reader can be opened and closed with the
hinge 2711 as an axis. With such a structure, the e-book reader
can operate like a paper book.

A display portion 2765 and a display portion 2707 are

incorporated in the housing 2701 and the housing 2703,
respectively. The display portion 2705 and the display portion
2707 may display one image or different images. In the struc-
ture where different images are, displayed in the above dis-
play portions, for example, the right display portion (the
display portion 2705 in FIG. 5C) can display text and the tell
display portion (the display portion 2707 in FIG. 5C) can
display images. The liquid crystal display device described in
any of the above embodiments is used for the display portions
2705 and 2707, whereby low voltage driving and a reduction
in power consumption of the e-book reader can be achieved.
In the case of using a transflective or reflective liquid crystal
display device as the display portion 2705, the e-book reader
may be used in a comparatively bright environment; there-
fore, a solar cell may be provided so that power generation by
the solar cell and charge by a battery can be performed. When
a lithium ion battery is used as the battery, there are advan-
tages of downsizing and the like.

FIG. 5C illustrates an example in which the housing 2701
is provided with an operation portion and the like. For
example, the housing 2701 is provided with a power switch
2721, operation keys 2723, a speaker 2725, and the like. With
the operation keys 2723, pages can be turned. Note that a
keyboard, a pointing device, or the like may also be provided
on the surface of the housing, on which the display portion is
provided. Furthermore, an external connection terminal (an
earphone terminal, a USB terminal, or the like), a recording
medium insertion portion, and the like may be provided on the
back surface or the side surface of the housing. Further, the
e-book reader may have a function of an electronic dictionary.

The e-book reader may transmit and receive data wire-
lessly. Through wireless communication, desired book data
or the like can be purchased and downloaded from an elec-
tronic book server.

FIG. 5D illustrates a mobile phone, which includes two
housings, a housing 2800 and a housing 2801. The housing
2801 includes a display panel 2802, a speaker 2803, a micro-
phone 2804, a pointing device 2806, a camera lens 2807, an
external connection terminal 2808, and the like. In addition,
the housing 2800 includes a solar cell 2810 having a function
of charge of the mobile phone, an external memory slot 2811,
and the like. An antenna is incorporated in the housing 2801.
Theliquid crystal display device described in any ofthe above
embodiments is used for the display panel 2802, whereby low
voltage driving and a reduction in power consumption of the
mobile phone can be achieved.

Further, the display panel 2802 is provided with a touch
panel. A plurality of operation keys 2805 which is displayed
as, images is illustrated by dashed lines in FIG. 5D. Note that
a boosting circuit by which a voltage output from the solar
cell 2810 is increased to be sufficiently high for each circuit is
also provided.

The display direction of the display panel 2802 is changed
as appropriate depending on a usage pattern. Further, the
camera lens 2807 is provided on the same surface as the
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display panel 2802, so that the mobile phone can be used as a
video phone. The speaker 2803 and the microphone 2804 can
be used for videophone calls, recording and playing sound,
and the like as well as voice calls. Furthermore, the housings
2800 and 2801 which are developed as illustrated in FIG. 5D
can overlap with each other by sliding; thus, the size of the
mobile phone can be decreased, which makes the mobile
phone suitable for being carried.

The external connection terminal 2808 can be connected to
an AC adapter and various types of cables such as a USB
cable, and charging and data communication with a personal
computer are possible. Moreover, a large amount of data can
be stored by inserting a storage medium into the external
memory slot 2811 and can be moved.

Further, in addition to the above functions, an infrared
communication function, a television reception function, or
the like may be provided.

FIG. 5E illustrates a digital video camera, which includes a
main body 3051, a display portion A 3057, an eyepiece 3053,
an operation switch 3054, a display portion B 3055, a battery
3056, and the like. The liquid crystal display device described
in any of the above embodiments is used for the display
portion, A 3057 and the display portion B 3055, whereby low
voltage driving and a reduction in power consumption of the
digital video camera can be achieved.

FIG. 5F illustrates a television set, which includes a hous-
ing 9601, a display portion 9603, and the like. The display
portion 9603 can display images. Here; the housing 9601 is
supported by a stand 9605. The liquid crystal display device
described in any of the above embodiments is used for the
display portion 9603, whereby low voltage driving and a
reduction in power consumption of the television set can be
achieved.

The television set can operate with an operation switch of
the housing 9601 or a separate remote control device. Further,
the remote controller may be provided with a display portion
for displaying data output from the remote controller.

Note that the television set is provided with a receiver, a
modem, and the like. With the use of the receiver; general
television broadcasting can be received. Moreover, when the
display device is connected to a communication network with
or without wires via the modem, one-way (from a sender to a
receiver) or two-way (between a sender and a receiver or
between receivers) data communication can be performed.

Note that the structures, methods, and the like described in
this embodiment can be combined as appropriate with any of
the structures, methods, and the like described in the other
embodiments.

Example 1

In this example, an example of synthesizing 1,4-bis-[4-(6-
acryloyloxy-n-hexyl-1-oxy)-2-fluorobenzoyloxy |benzene
(abbreviation: Dac-PEPEP-F-06) represented by the struc-
tural formula (105) in Embodiment 1 will be described.

A synthesis scheme of 1,4-bis-[4-(6-acryloyloxy-n-hexyl-
1-oxy)-2-fluorobenzoyloxy|benzene, (abbreviation: Dac-
PEPEP-F-O6) represented by the structural formula (105) is
shown in (E1-1) below.
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Into a 300-mL recovery flask were put 1.3 g (4.1 mmol) of
4-(6-acryloyloxy-n-hexyl-1-oxy)-2-fluoro-benzoic acid,
0.18 g (1.7 mmol) of'1,4-benzenediol, 100 mL ofacetone, and
50 mL of dichloromethane. To this mixture, 76 mg (0.62
mmol) of 4-dimethylaminopyridine was added and stirred in
the air. To this solution, 0.79 g (4.1 mmol) of 1-ethyl-3-(3-
dimethylaminopropyl)carbodiimide hydrochloride (EDC)
was added, and stirred in the air at room temperature for 41
hours. After that, completion of the reaction was confirmed
using silica gel thin layer chromatography (TLC).

The obtained solution was concentrated, and chloroform, a
saturated aqueous solution elf-sodium hydrogen carbonate,
and saturated saline were added, and then, the aqueous layer
was extracted three times with chloroform. An organic layer
and the extracted solution were mixed and dried with mag-
nesium sulfate, and thus obtained mixture was gravity fil-
tered. The filtrate was condensed, and the obtained solid was
purified by silica gel column chromatography (developing
solvent: chloroform). The obtained fraction was concentrated
to give a white solid. The white solid was purified by high
performance liquid chromatography (HPLC) to give 0.70 g of
a white solid in a yield of 61%.

This compound was identified by a nuclear magnetic reso-
nance (NMR) as 1,4-bis-[4-(6-acryloyloxy-n-hexyl-1-oxy)-
2-fluorobenzoyloxy|benzene (abbreviation: Dac-PEPEP-F-
06) which was a target substance. FIGS. 6A to 6C are the 'H
NMR charts. Note that FIG. 6B is an enlarged chart showing
the range of 5.5 ppm to 8.5 ppm in FIG. 6A. Note also that
FIG. 6C is an enlarged chart showing the range of 1.5 ppm to
4.5 ppm in FIG. 6A.

'H NMR data of the obtained substance are as follows: 'H
NMR-(CDCl,, 300 MHz): 8 (ppm)=1.47-1.51 (m, 8H), 1.68-
1.87 (m, 8H), 4.03 (t, I=6.3 Hz, 4H), 4.19 (t, J=6.6 Hz, 4H),
5.83 (dd, J1=10.5 Hz, J12=1.8 Hz, 2H), 6.13 (dd, J1=10.5 Hz,
J2=17.4Hz, 2H), 6.41 (dd, J1=1.5 Hz, J2=17.1 Hz, 2H), 6.69
(dd, 11=2.6 Hz, J2=12.8 Hz, 2H), 6.77 (dd, J1=2.4 Hz, J2=8.7
Hz, 2H), 7.27 (s, 4H), 8.02-8.08 (m, 2H).

FIG. 7 shows the absorption spectrum of 1,4-bis-[4-(6-
acryloyloxy-n-hexyl-1-oxy)-2-fluorobenzoyloxy |benzene
(abbreviation: Dac-PEPEP-F-06) in a dichloromethane solu-
tion of Dac-PEPEP-F-O6. The absorption spectrum was mea-
sured with an ultraviolet-visible spectrophotometer (V-550,
manufactured by JASCO Corporation). The absorption spec-
trum in FIG. 7 was obtained by subtracting the absorption
spectrum of a quartz cell filled with dichloromethane from
that of the quartz cell filled with the dichloromethane solution
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of Dac-PEPEP-F-06. In FIG. 7, the horizontal axis indicates
wavelength (nm) and the vertical axis indicates absorption
intensity (arbitrary unit). In the case of the dichloromethane
solution, an absorption was observed at around 260 nm.

Example 2

Inthis example, the results of the characteristics evaluation
on the liquid crystal element of Example 1 formed with the
use of the liquid crystal composition including the polymer-
izable monomer according to an embodiment of the present
invention will be described.

Table 1 shows components of the liquid crystal composi-
tion used for the liquid crystal element manufactured in this
example. In Table 1, the mixture ratios are all represented in
weight ratios.

TABLE 1

Name of components Ratio (wt %)

Liquid Crystal 1 E-8 34.1
Liquid Crystal 2 CPP-3FF 254
Liquid Crystal 3 PEP-5CNF 254
Chiral Agent ISO-(60BA), 6.9
Polymerizable DMeAc 4
Monomer Dac-PEPEP-F-O6 4
Polymerization DMPAP 0.2
Initiator

Total 100.0

In the liquid crystal element of this example; the following
components were used: liquid crystal mixture E-8 (produced
by LCC Corporation) as Liquid Crystal 1; 4-(trans-4-n-pro-
pylcyclohexyl)-3',4'-difluoro-1,1'-biphenyl ~ (abbreviation:
CPP-3FF) (produced by Daily Polymer Corporation) as Lig-
uid Crystal 2; 4-n-pentylbenzoic acid 4-cyano-3-fluorophe-
nyl (abbreviation: PEP-5CNF) (produced by Daily Polymer
Corporation) as Liquid Crystal 3; 1,4:3,6-dianhydro-2,5-bis
[4-(n-hexyl-1-0xy)benzoic acid]sorbitol (abbreviation: ISO-
(60BA),) (produced by Midori Kagaku Co., Ltd.) as a chiral
agent; dodecyl methacrylate: (abbreviation: DMeAc) (pro-
duced by Tokyo Chemical Industry Co., Ltd.) which is a
non-liquid-crystalline  UV-polymerizable monomer com-
pound as a polymerizable monomer compound; 1,4-bis-[4-
(6-acryloyloxy-n-hexyl-1-oxy)-2-fluorobenzoyloxy|ben-
zene (abbreviation: Dac-PEPEP-F-O6) produced in Example
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1, which is a liquid crystalline and UV-polymerizable mono-
mer compound of an embodiment of the present invention as
a polymerizable monomer compound; and DMPAP (abbre-
viation) (produced by Tokyo Chemical Industry Co., [.td.) as
a polymerization initiator.

The structural formulae of CPP-3FF (abbreviation) and
PEP-5CNF (abbreviation) is the liquid crystal materials, ISO-
(60BA), (abbreviation) as the chiral agent; dodecyl meth-
acrylate (DMeAc) (abbreviation) and Dac-PEPEP-F-O6 (ab-
breviation) as the polymerizable Monomer Compounds, and
DMPAP (abbreviation) as the polymerization initiator, which
were used in this example, are shown below.
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um. Further, an ultraviolet light and heat curable sealant was
used as the sealant. As curing treatment, ultraviolet light
(irradiance of 100 mW/cm?) irradiation was performed for 90
seconds, and then, heat treatment was performed at 120° C.
for 1 hour.

Further, polymer stabilization treatment was performed on
the liquid crystal element of this example in the following
manner: the liquid crystal element was set at a given constant
temperature within the temperature range where a blue phase
is exhibited, and irradiation with an ultraviolet light (light
source: a metal halide lamp, wavelength: 365 nm, irradiance:
8 mW/cm?) was performed for 30 minutes.
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The liquid crystal element of this example was manufac-
tured in such a manner that a glass substrate over which a
pixel electrode layer and a common electrode layer were
formed in comb-like shapes as in FIG. 3D and a glass sub-
strate serving as a counter substrate were bonded to each other
using sealant with a space (4 um) provided therebetween and
then a liquid crystal composition obtained by mixing the
components in Table 1 stirred in an isotropic phase at ratios
shown in Table 1 was injected between the substrates by an
injection method.

The pixel electrode layer and the common electrode layer
were formed using indium tin oxide containing silicon oxide
(ITSO) by a sputtering method. The thickness of each of the
pixel electrode layer and the common electrode layer was 110
nm the width thereof was 2 pm, and the distance between the
pixel electrode layer and the common electrode layer was 2
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Further, voltage was applied to the formed liquid crystal
element, and the transmittance with respect to an applied
voltage was evaluated. The characteristic evaluation was per-
formed with a liquid crystal evaluation system (LCD-7200
produced by Otsuka Electronics Co., L.td.) under the follow-
ing conditions: a halogen lamp was used as a light source, the
temperature was set to room temperature, and the liquid crys-
tal element was sandwiched, between polarizers in crossed
Nicols.

FIG. 8 shows the relation between applied voltage and
transmittance in the liquid crystal element. The transmittance
was measured on the condition that the intensity of the light
source is 100%. As shown in FIG. 8, it is found that the liquid
crystal element of this example has a high transmittance even
atlow applied voltage, so that low voltage driving of the liquid
crystal element is possible.
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Consequently, a liquid crystal element in which the novel
polymerizable monomer compound in this example or a lig-
uid crystal composition including the polymerizable mono-
mer compound is used is capable of low voltage driving.
Thus, the power consumption of a liquid crystal display
device or an electronic apparatus including the liquid crystal
element can be further reduced.

This application is based on Japanese Patent Application
serial no. 2011-104440 filed with Japan Patent Office on May
9, 2011, the entire contents of which are hereby incorporated
by reference.

What is claimed is:
1. A compound represented by a formula (G1):

O

R! e}
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-continued
3

C
O
(6] ;\

wherein n and m are 6, and both of R' and R? represent
hydrogen or a methyl group.

2. A composition comprising the compound according to
claim 1.

3. A composition comprising:

the compound according to claim 1;

a nematic liquid crystal compound; and

a chiral agent.

4. The composition according to claim 2, wherein the com-
position exhibits a blue phase.

5. The composition according to claim 3, wherein the com-
position exhibits a blue phase.

6. A liquid crystal display device comprising the compo-
sition according to claim 2.

7. A liquid crystal display device comprising the compo-
sition according to claim 3.
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